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 Abstract 28 
 Aqueous solutions of humic substances (HSs) and pure monomeric aromatics were 29 
irradiated to investigate the chemical controls upon carbon monoxide (CO) photoproduction 30 
from dissolved organic matter (DOM). HSs were isolated from lakes, rivers, marsh and 31 
ocean. Inclusion of humic, fulvic, hydrophobic organic and hydrophilic organic acid fractions 32 
from these environments provided samples diverse in source and isolation protocol. In spite 33 
of these major differences, HS absorption coefficients (a) and photoreactivities (a bleaching 34 
and CO production) were strongly dependent upon HS aromaticity (r2 >0.90; n=11), implying 35 
aromatic moieties are the principal chromophores and photoreactants within HSs, and by 36 
extension, DOM. Carbonyl carbon and CO photoproduction were not correlated, implying 37 
that carbonyl moieties are not quantitatively important in CO photoproduction. CO 38 
photoproduction efficiency of aqueous solutions of monomeric aromatic compounds that are 39 
common constituents of organic matter varied with the nature of ring substituents. 40 
Specifically, electron donating groups increased, while electron withdrawing groups 41 
decreased CO photoproductivity, supporting our conclusion that carbonyl substituents are not 42 
quantitatively important in CO photoproduction. Significantly, aromatic CO photoproduction 43 
efficiency spanned three orders of magnitude, indicating that variations in the CO apparent 44 
quantum yields of natural DOM may be related to variations in aromatic DOM substituent 45 
group chemistry.  46 
  
Table 1. Humic substance source, isolation protocol, percent (%) carbon, aromatic and ketonic carbon (mgC L-1) by 13C-NMR, absorption 47 
coefficient (a350), absorption photobleaching (δa350), CO photoproduction rates (CO). All samples 5 mg L-1 humic substance in ultrapure water. 48 
Sample Source 
% 
Carbon 
Aliphatic 
(mgC L-1) 
Aromatic 
(mgC L-1) 
Ketonic 
(mgC L-1) 
a350 
(m-1) 
δa350 
(m-1 hr-1) 
CO 
(nmol L-1 hr-1) 
Pacific Ocean HPOAa aHSe 57.5 2.06 0.21 0.05 0.65 0.03 5.0 
Lake Fryxell HPOA aHS 55 1.80 0.42 0.00 2.48 0.07 14.6 
Williams Lake HPOA Mixed aHSf 53.9 1.94 0.34 0.05 1.43 0.04 9.3 
F1 Everglades HPOA Mixed tHSg 51.9 1.76 0.47 0.07 6.07 0.10 22.2 
F1 Everglades HPIAb Mixed tHS 47.7 1.68 0.31 0.04 2.48 0.04 15.1 
2BS Everglades HPOA Mixed tHS 51.7 1.24 0.36 0.22 3.84 0.06 14.2 
2BS Everglades HPIA Mixed tHS 47.2 1.64 0.30 0.05 1.65 0.03 8.1 
U3 Everglades HPOA Mixed tHS 54.7 1.71 0.49 0.11 5.03 0.09 16.7 
S10E Everglades HPOA Mixed tHS 54.5 1.78 0.47 0.09 5.50 0.10 21.0 
IHSS Suwannee River HAc tHSh 53.4 0.93 1.12 0.19 12.83 0.19 43.4 
IHSS Suwannee River FAd tHS 53.5 1.25 0.75 0.16 6.36 0.12 24.3 
a
 HPOA – Hydrophobic organic acid. b HPIA – Hydrophilic organic acid. c HA – Humic acid. d FA – Fulvic Acid. e aHS – Aquatic humic 49 
substance derived from aquatic microbial sources. f Mixed aHS – Predominantly aHS with some tHS inputs. g Mixed tHS – Predominantly tHS 50 
with some aHS inputs. h tHS – Terrestrially derived humic substance. 51 
  
Table 2. Carbon monoxide (CO) photoproduction efficiency for a suite of 27 monomeric 52 
aromatic compounds dissolved in ultrapure water (aromatic concentrations: 10 mM) and 53 
irradiated under simulated sunlight in order of increasing CO photoproduction efficiency. 54 
Monomeric Aromatic Compound 
CO Production Efficiency 
(Production / Light Absorbed) 
1-(2-hydroxy-phenyl)-ethanone 0.01 
1-(3-hydroxy-phenyl)-ethanone 0.11 
2-hydroxybenzaldehyde  0.11 
benzaldehyde  0.11 
3-phenyl-propenal 0.11 
3-hydroxybenzaldehyde 0.13 
4-hydroxybenzaldehyde 0.21 
3-phenyl-acrylic acid 0.28 
ethoxybenzene 0.39 
1-(4-hydroxy-phenyl)-ethanone 0.50 
4-hydroxybenzoic acid 0.57 
methoxybenzene 0.83 
benzoic acid 0.89 
3-methoxybenzaldehyde 1.08 
phenol 1.24 
4-methoxybenzaldehyde 2.57 
acetophenone 3.22 
2-methoxybenzaldehyde 3.46 
1-(4-hydroxy-3-methoxy-phenyl)-
ethanone 3.58 
benzene-1,3-diol 4.55 
benzoquinone 5.50 
2-methoxyphenol 11.16 
4-methoxyphenol 15.80 
3-methoxyphenol 17.05 
4-ethoxyphenol 19.12 
2-methoxy-4-methylphenol 20.01 
2-ethoxyphenol 34.67 
 55 
  
Figure 1 56 
Ultraviolet-visible absorption coefficient spectra for humic substances dissolved in deionised 57 
water. 58 
Figure 2 59 
a) Humic substance absorption coefficient (a350) versus aromatic carbon concentration. 60 
Solid line represents linear regression (r2 = 0.90, p = 7.13 × 10-6, n = 11). 61 
b) Humic substance carbon monoxide photoproduction versus aromatic carbon 62 
concentration. Solid line represents linear regression (r2 = 0.91, p = 4.30 × 10-6, n = 63 
11). 64 
c) Humic substance a350 photobleaching versus aromatic carbon concentration. Solid line 65 
represents linear regression (r2 = 0.93, p = 2.27 × 10-6, n = 11). 66 
Figure 3 67 
Carbon monoxide photoproduction efficiency for a series of mono-substituted aromatic 68 
monomers.  69 
Figure 4 70 
Carbon monoxide photoproduction efficiency for phenol and a series of mono-substituted 71 
phenols. Photoproduction efficiency was calculated as the cross-product of the spectral 72 
aromatic solution optical density (absorbance) per nm (OD
 
nm-1) and solar simulator spectral 73 
irradiance per nm (W m-2 nm-1). 74 
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Aron Stubbins, Figure 2 82 
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